Benzodiazepine-induced protein tyrosine nitration in rat astrocytes.
Recent studies indicate that ammonia and hypoosmotic astrocyte swelling can induce protein tyrosine nitration (PTN) in astrocytes with potential pathogenetic relevance for hepatic encephalopathy (HE). Because HE episodes are known to be precipitated also by sedatives, the effects of benzodiazepines on PTN in cultured rat astrocytes and rat brain in vivo were studied. In cultured rat astrocytes, diazepam, PK11195, Ro5-4864, and the benzodiazepine binding inhibitor (DBI), which acts on peripheral-type benzodiazepine receptors, induced PTN. Clonazepam, a specific ligand of the central benzodiazepine receptor, failed to induce PTN. Nanomolar concentrations of DBI and PK11195 were sufficient to increase PTN, and diazepam effects were already observed at concentrations of 1 micromol/L. Diazepam-induced PTN was insensitive to NOS inhibition and uric acid but was blunted by MK-801, BAPTA-AM, W13, and catalase, suggesting an involvement of NMDA-receptor activation, elevation of the cytosolic Ca(2+) concentration [Ca(2+)](i), and hydrogen peroxide. Diazepam induced a plateau-like increase in [Ca(2+)](i) and the generation of reactive oxygen intermediates (ROIs), which are both blunted by MK-801 and BAPTA-AM. The expression of functional N-methyl-D-aspartate (NMDA) receptors on cultured rat astrocytes was confirmed by reverse transcriptase polymerase chain reaction, Western blot analysis, immunhistochemistry, and receptor autoradiography. Astroglial PTN is also found in brains from rats challenged with diazepam, indicating the in vivo relevance of the present findings. In conclusion, production of ROIs and increased PTN by benzodiazepines may alter astrocyte function and thereby contribute to the precipitation of HE episodes.